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Efficacy of Brown Seaweed Hot Water Extract Against
Hcl-ethanol Induced Gastric Mucosal Injury in Rats
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Effect of pre-treatment with hot water extract of marine brown alga Sargassum polycystum
C.Ag. (100 mg/kg body wt, orally for period of 15 days) on HCl-ethanol (150 mM of HCl-etha-
nol mixture containing 0.15 N HCI in 70% v/v ethanol given orally) induced gastric mucosal
injury in rats was examined with respect to lipid peroxides, antioxidant enzyme status, acid/
pepsin and glycoproteins in the gastric mucosa. The levels of lipid peroxides of gastric mucosa
and volume, acidity of the gastric juice were increased with decreased levels of antioxidant
enzymes and glycoproteins were observed in HCl-ethanol induced rats. The rats pre-treated
with seaweed extract prior to HCl-ethanol induction reversed the depleted levels of antioxidant
enzymes and reduced the elevated levels of lipid peroxides when compared with HCl-ethanol
induced rats. The levels of glycoproteins and alterations in the gastric juice were also main-
tained at near normal levels in rats pre-treated with seaweed extract. The rats given seaweed
extract alone did not show any toxicity, which was confirmed by histopathological studies.
These results suggest that the seaweed extract contains some anti-ulcer agents, which may
maintain the volume/acidity of gastric juice and improve the gastric mucosa antioxidant
defense system against HCl-ethanol induced gastric mucosal injury in rats.
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INTRODUCTION

Ulceration refers to the group of disorders of the upper
gastrointestinal tract involving principally the most proximal
portion of the duodenum and the stomach, which are
found to have common involvement of acid/pepsin (Galvin
and Szabo, 1992). An imbalance in the levels of acid/
pepsin and gastric mucosa turnover results in ulceration.
The breakdown of mucosal resistance is considered to be
an important factor in ulceration (Mc Guigan, 1994; Piper
and Stiel, 1986) HCl-ethanol administration produces ul-
cerative lesions and lipid peroxidation in the gastric mucosa,
which plays an important role in the pathogenesis of the
gastric mucosal lesions (Chacin, 1990).

For centuries, seaweeds have been of botanical, indus-
trial and pharmaceutical interest (Abdussalamm, 1990;
Chapman and Chapman, 1980). The seaweeds are rich
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in proteins, vitamins, minerals and sulphated polysaccha-
rides that provide soluble dietary fiber such as alginates
and fucoidans (Lahaye and Kaeffer, 1997; Kloareg and
Quatrano, 1988; Bobbin dubigon et al, 1997; Jothi
Saraswathi et al., 2003). Those are commerciaily important
components of brown seaweed that are used in the
pharmaceutical field for treating wounds and gastric
ulcers (Nagaoka et al., 2000).

Though many claims have been made in seaweeds for
treating various diseases such as gout, cancer and glandular
problems (Hoppe and Lerving, 1982), a sporadic status
exists regarding anti-ulcer property of seaweeds in animal
model. Hence the present study was carried out to assess
the protective nature Sargassum polycystum C.Ag. against
HCl-ethanol induced gastric ulceration in rats.

MATERIALS AND METHODS

Seaweed collection

Sargassum polycystum C.Ag was collected from Guif
of Mannar, Rameswaram, India. Prof. V. Krishnamurthy
(Krishnamurthy Institute of Aligology, Chennai, India) did
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the species identification.

Extraction

The seaweed collected was washed in seawater
thoroughly to remove epiphytes and then in deionized
water to remove the contamination of other algae. Then
about 1.5 kg of seaweed fronds extracted twice with 3
liters of boiling water for a period of 1 h. The crude fraction
obtained then concentrated, treated with EtOH (80%).
The resulting precipitate was filtered and then washed
with cold EtOH and dried in a desicator to obtain brownish
residue (Yield: 10-12%).

Animals

Male Wistar rats weighing (150-180 g) were fed with
standard pelleted diet (M/s. Hindustan Lever Foods,
Bangalore, India) and water ad libitum and housed under
standard conditions. Animals were deprived of food for a
period of 24 h before ulcer induction.

The animals were divided into following 4 groups each
group with six animals. Group1 was normal control rats,
given only standard diet. Group2 rats were ulcer induced
(150 mM of HCl-ethanol mixture containing 0.15 N HCl in
70% v/v ethanol given orally). Group3 rats were pre-treated
with S. polycystum extract (100 mg/kg body wt, orally for
period of 15 days prior to HCl-ethanol induction). Group4
rats were given seaweed extract alone (S.polycystum 100
mg/kg body wt, orally for period of 15 days.

At the end of the experimental period rats were operated
for the collection of gastric juice (Hara et al., 1985). The
rats were anesthetized with ether and the abdomen was
cut opened through a midline incision below the xiphoid
process. The pyloric portion was ligated with silk sutures
after which wound was closed and the animals were allowed
to retrieve from anesthesia. The animals were sacrificed
after 4hrs for collecting gastric juice. The gastric juice was
centrifuged and the volume was noted. The stomach
portion was inflated using formaline and incised through
the greater curvature and examined under a dissection
microscope for the number of lesions. Acidity was mea-
sured by titrating the gastric juice with 0.1 N NaOH with
phenolphthalein as indicator (Takeuchi et al., 1976).
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The gastric mucosa was used for estimating protein
(Lowry et al, 1951), pepsin (Anson, 1938), hexose,
hexosamine (Winzler, 1958), sialic acid (Warren, 1959),
lipid peroxides (Ohakawa ef al., 1979), glutathione (Ellman,
1959), glutathione peroxidase (Paglia & Valentaine, 1967),
glutathione-s-transferase (Habig ef al., 1974) superoxide
dismutase (Misra & Fridovich, 1972), and catalase (Takahara
et al., 1960).

The values were expressed as meanzSD. The statistical
difference was analyzed by students t-iest and p-values
were expressed.

RESULTS

The Table | shows number of lesions on the gastric
mucosa, volume, acidity of gastric juice and pepsin
activity of the gastric mucosa in normal control, ulcerated,
S. polycystum pre-treated rats prior to ulcer induction
(Pre-treated ulcer) and S. polycystum extract alone. In the
group? rats, the number of lesions was found increased
when compared with group3 rats pre-treated with seaweed
extract, which showed a significant decrease in the
number of lesions. The group2 ulcerated rats showed an
elevation in the levels of gastric juice volume, acidity and
decreased peptic activity when compared with group3
rats pretreated with seaweed extract, which maintained
the levels of gastric juice volume, acidity and peptic
activity. :

Table 1l shows the levels of lipid peroxides significantly
increasing with decrease in the levels of free radical
scavenging enzymes in group?2 ulcerated rats whereas in
group3 seaweed pretreated rats the levels of antioxidant
enzymes were improved with reduced lipid peroxides.
The group4 rats pretreated with seaweed extract alone
did not show any significant variation in the levels of
biochemical parameters thereby indicating the non-toxic
nature of seaweed extract, which was confirmed by
histopathological studies as shown in (Fig. 1).

Table Il shows significant decrease in the levels of
protein, hexosamine, sialic acid, and hexose in group2
ulcerated rats when compared with group1 control rats.
The severely depleted levels of glycoproteins were

Table 1. Number of lesions, volume, acid output and pepsin activity of the gastric mucosa on HCl-ethanol induced gastric lesion and S.

polycystum pre-treated experimental rats

Group Lesions Volume (mL/4 h) Acid output {(LEg/4 h) Pepsin (umol of tyrosine/4 h)
Group1 (Normal) - 2.7110.19 198120 678450
Group? (Ulcer) 141212 3.10+0.12* 26525 620+42
Group3 (pre-treated ulcer) 6.56+0.61** 2.89+0.2% 173+14* 661£52M
Group4 (S. polycystum alone) - 2.75£0.17"% 196£17" 67261

*Values are expressed as the mean + SD for 6 animals in each group. Comparisons (Group1 vs. Group2, Group3 vs. Group2 and Group4 vs.

Group1) P values *<0.05, **<0.01, ***<0.001 NS- Non-significant. .
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Table 1I. Levels of lipid peroxides (LPO) and activities of superoxide dismutase (SOD), catalase (CAT), glutathione (GSH), glutathione
peroxidase (GSH-Px) and glutathione s-transferase (GST) of gastric mucosa in experimental animals

LPO GSH GSH-px GST
Group {(nmol/mg Protein) SOD CAT (umol/mg Protein)  (U/mg Protein)  {umol/img Protein)
Group1 (Normal) 3.97+0.41 4.3240.20 3.810.31 3.92+0.21 222+19.1 4.2510.56
Group2 (Ulcer) 8.60+0.74" 2.49+0.13 1.75£0.08** 1.52+0.11** 169157 3.19+0.31™**
Group3 (Pre-treated ulcer) 4.83+0.37* 3.97+0.32* 342x0.27* 3.48+0.24* 198+17.9* 3.7240.19*
Group4 (S. polycystum alone) ~ 3.39+0.32" 4.43+0.19% 3.9240.28" 3.70£0.28" 219420.3"% 4.21£0.19"

Values are expressed as the mean + SD for 6 animals in each group. SOD. One unit of SOD activity is the amount of protein required to give 50%
inhibition of epinephrine auto oxidation; CAT, umol of H,0, Consumed/min/mg of protein GSH = nmol g tissue; GSH-px = nmol GSH oxidized/min/mg
protein; GST = pmol of 1-chloro-2, 4 dinitrobenzene conjugate formed/min/mg protein; protein, hexose, hexosamine and sialic acid = mg/g.
Comparisons (Group1 vs. Group2, Group3 vs. Group2, and Group4 vs. Group1)

P values *<0.05, **<0.01, ***<0.001 NS-Non-significant.
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Table Ill. Effect of S. polycystum extract on HCl-ethanol induced changes in gastric mucosal protein, hexose, hexosamine, and sialic acid in
rats

Group Protein {mg/g) Hexose (mg/g) Hexosamine {mg/g) Sialic acid (mg/g)
Group1 (Normal) 20.1£1.2 1454132 9.3+0.73 1.50£0.12
Group2 (Ulcer) 1218 9.240.84* 51£0.41%* 0.96+0.06**
Group3 (Pre-treated ulcer) 17.9+1.8° 114414 7.810.69* 1.53+1.2%
Group4 (S. polycystum alone) 19.4£0.9"% 13.941.28" 8.9£0.71" 1.72+0.14"

Values are expressed as the mean = SD for each 6 animals in each group. Comparisons (Group? vs. Group2, Group3 vs. Group2 and Group4 vs.
Group1) P values *<0.05, **<0.01, ***<0.001 NS-Non-significant.

improved in group3 seaweed pre-treated rats when com-
pared with group2 ulcer induced rats.

DISCUSSION

HCl-ethanol induced gastric mucosal lesions may be
multifactorial, with static blood flow contributing significantly

to the haemorrhagic as well as the necrotic aspects of the
tissue injury (Guth et al., 1984). The decrease in the
number of lesions may be due the reduction in the levels
of gastric secretion (Wormsley, 1974). The alteration in the
acidity/volume of the gastric juice is due to the production
of HCI, which may increase the permeability of the mucosal
membrane (Dayton et al., 1983). The decrease in the
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levels of acidity may be due to the anti-ulcer agents in
seaweed extract, which may inhibit the acid secretion
thereby, offering protection against gastric mucosal lesions.
The ulcerated rats showed an alteration in the peptic
activity (Juhani, 1982), which was improved in seaweed
pre-treated rats showing its efficacy against acid secretion.

The free radical generation in gastric mucosa may
exceed the ability of the free radical scavenging enzymes
to dismutase the free radical species, which may result in
ulceration. The rats pre-treated with seaweed extract
showed a significant decrease in the lipid peroxides, as
they are important in causing damage to the mucosal
membrane (Tappel, 1973). An increase in the levels of
free radical scavenging enzymes suggest that the seaweed
extract may posses antioxidant property (Anggardiredja et
al., 1997), which may improve gastric mucosal defense
system in quenching the free radical generated during
ulceration. The depletion in the levels of glutathione in
gastric mucosa may increase the susceptibility of the
mucosal cells to oxygen radical metabolites and acid
mediated cell injury in ulcerated rats (Pihan et al., 1987).
An improvement in the levels of glutathione in seaweed-
pretreated rats protects gastric mucosa from oxidative
damage and also regulates the redox state of proteins in
the cell surface membrane (Inoue et al., 1987).

The glutathione consumption with oxygen and peroxide
radicals may inhibit the glutathione peroxidase, which
eliminates hydrogen peroxide and lipid peroxides, leads to
the accumulation of oxidants and thereby promote the
oxidation of lipids (Yoshikewa et al., 1993). The seaweed
pre-treated rats maintained the activity of glutathione
peroxidase in order to balance the elevated levels of lipid
peroxides by improving the reduced glutathione status.
The decreased levels of glutathione will reflect in the levels
of glutathione-s-transferase. The ulcerated group showed
a decrease in the levels of GST when compared with
normal control group; this is because the GST may bind
with different lipophilic compounds (i.e. HCl-ethanol may
act as a substrate for GSH). Thus GSH and GSH dependent
enzymes play a vital role in the gastric ulceration (Morenkova
et al., 1987).

According to Davenports theory of H* release, histamine
stimulates cholinergic nerves, resulting the stimulation of
acid and pepsinogen secretion, an elevation in mucosal
blood flow and an increase in capillary permeability,
resulting a protein loss (Davenport, 1967).

Free radicals generated on HCl-ethanol induction will
ultimately attack the proteins, which may result the depletion
of proteins in ulcerated group. Pre-treatment with seaweed
extract showed a near normal value of proteins, suggesting
a cytoprotective nature against gastric mucosal erosions.
The glycoproteins are secreted by exocytosis and apical
expulsion in epithelial cell (Dunn and Eisenberg, 1985).
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The HCl-ethanol mixture may attack the structural organi-
zation of glycoprotiens with protruding oligosaccharide
chains (Gottschalk, 1972), which may ultimately decrease
the levels of glycoproteins in ulcerated rats. An improvement
in the levels of glycoproteins in rats pretreated with
seaweed extract suggests that it may support the gastric
mucosal defense system against HCl-ethanol induced
gastric mucosal injury.

Thus the overall protection by seaweed extract against
HCl-ethanol induced gastric ulceration in experimental
rats suggest that it contains some anti-ulcer agents that
may hasten the decomposition of free radicals generated,
thereby strengthening the gastric mucosal antioxidant
defense system suggesting an antiulcerogenic nature of
Sargassum polycystum.
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